Postoperative adjuvant transcatheter arterial chemoembolization (PA-TACE) has improved overall survival (OS) in patients with hepatocellular carcinoma (HCC). However, the prognostic and predictive factors remain unclear.
INTRODUCTION
Liver cancer is the fourth leading cause of cancer-related mortality and is currently the main cause of liver-related death worldwide [1, 2] . Hepatocellular carcinoma (HCC) is the most common type of liver cancer, and causes nearly one million deaths every year [2] [3] [4] . Overall, the 5-year survival rate of patients with HCC is less than 20%. Surgery is recommended as one of the most effective radical treatments for patients with early-stage HCC [5, 6] , whereas systemic therapy such as sorafenib is recommended as the first-line drug for the treatment of patients with advanced HCC [7] . Even though transcatheter arterial chemoembolization (TACE) is not the first choice for early-stage HCC, it is regarded as one of the primary treatment options for HCC patients with intermediate and advanced stages. In addition, TACE is widely recommended in preoperative and postoperative therapy, due to satisfactory results in eliminating tiny invisible tumor spots with few complications [8] . Recent studies have demonstrated that postoperative adjuvant TACE (PA-TACE) can improve the outcome of HCC associated with hepatic vein invasion and prolong overall survival (OS) in patients with multinodular HCC. It is recommended that patients should undergo PA-TACE when the liver function has recovered at 1-3 months after the initial operation [9] . However, it is still unclear whether PA-TACE can prolong OS in patients with HCC after R0 hepatectomy.
The prognostic factors and predictors of PA-TACE benefit in a patient after surgery remains limited. Although analyses of potential predictive factors for PA-TACE benefit have been studied using data from an observational study on HCC patients with microscopic vascular invasion (MVI), the number of patients and the lack of variables prevented accurate differentiation between prognostic and predictive factors [10] . A prognostic factor is a clinical, laboratory or molecular variable which is correlated with the natural course of the disease regardless of treatment, whereas a predictive factor is a variable used to identify a subgroup of patients most likely to benefit from a specific treatment [11, 12] . Moreover, elucidation of predictive factors related to treatment response is key to designing and analyzing future clinical trials, when PA-TACE is regarded as a comparator [13] .
Therefore, we aim to compare OS following PA-TACE and surgery alone, and to assess prognostic factors for OS and predictive factors of PA-TACE benefit in patients with HCC after R0 hepatectomy.
MATERIALS AND METHODS

Patient population
Patients with resectable HCC were identified and selected from three centers between January 2010 and January 2014. The inclusion criteria were as follows: (1) Patients underwent surgery with/without PA-TACE; (2) Pathology-confirmed HCC; and (3) Preoperative diagnosis of a single intrahepatic mass. The exclusion criteria were as follows: (1) Tumor size larger than 5 cm; (2) Positive margin; (3) Combined with other tumors; (4) Concurrently treated with conventional medicine; (5) Barcelona Clinic Liver Cancer (BCLC) stage higher than stage A; (6) OS less than 3 mo; and (7) Lack of necessary preoperative laboratory test results. Briefly, patients with Child-Pugh A and BCLC (0-A stage) enrolled in the study had undergone R0 hepatectomy for HCC with/without PA-TACE and had not received any other previous treatment. Details of the enrolled patients are summarized in Figure 1 .
An informed consent was obtained from each patient before surgery. The medical ethics committee at the three medical centers approved this study. To protect patient confidentiality, during this retrospective clinical study, only preoperative laboratory test results without identifiable information were used. This study complied with the provisions in the Helsinki Declaration, the regulations of each Medical Institutional Review Board and local law.
Treatments and follow-up
According to our medical center regulations, following the selection of suitable patients for PA-TACE, all patients were suggested to undergo PA-TACE when the patient had recovered liver function at 1 month after the initial operation. The patients were followed up once every 3 mo. At each follow-up visit, tumor markers, abdominal ultrasound, and liver function assessments were performed. Every 6 mo or when recurrence was suspected, enhanced computed tomography scanning or magnetic resonance imaging was performed.
Data collection
A standardized data form was created to collect all relevant information on the patients' demographic and clinical characteristics, including age, gender, body mass index, BCLC stage, hepatitis B virus (HBV), hepatitis C virus (HCV), cirrhosis, family history, MVI, alpha-fetoprotein (AFP), albumin-bilirubin (ALBI) grade, neutrophil-tolymphocyte ratio (NLR), ferritin, ferritin-to-hemoglobin ratio (FHR), C-reactive protein, treatment details, follow-up, etc. Continuous variables (age, AFP, NLR, ferritin, FHR, C-reactive protein) were transformed into categorical variables based on recognized cutoff values or median.
Statistical analysis
OS was the primary focus of this study. In order to avoid migration from retrospective analysis, a propensity-score 1:1 matching analysis was performed by R 3.6.0 (http://www.r-project.org) with the MatchIt package. The OS in the two treatment groups (PA-TACE vs surgery alone) was estimated and compared using Kaplan-Meier curves and the log-rank test, respectively. Univariate and multivariate analyses were then performed to identify potential prognostic factors for OS in each group. Finally, variables with significance in the univariate analyses (P < 0.05), were included in the multivariate analyses by the back-ward step using the Cox proportional hazards regression model. The number of events and 5-year survival rates were summarized based on Kaplan-Meier curves for OS across subgroups. In order to evaluate the treatment effect among subgroups, the potential interaction between treatment and each subgroup was assessed by hazard ratios (HRs) using a stratified Cox proportional hazard model. A P value for interaction based on HRs was used to estimate the strength of predictive value [14] . Variables with a P value less than 0.05 were regarded as significant.
RESULTS
Demographic and clinical characteristics of the patients
A total of 653 patients were selected from three centers as original data, and 378 patients (PA-TACE vs surgery alone, 189:189) were identified for exploratory analysis after a propensity-score 1:1 matching analysis. No significant difference was observed in each variable in the matched data ( Table 1 ). All Kaplan-Meier curves for OS between the PA-TACE and surgery alone group showed significance before and after propensity score matching ( Figure 2 ). In the PA-TACE group with matched data, the median age was 55 years, ranging from 26 to 86 years, and 170 patients (89.9%) were male. Almost half of the patient population in this study had a body mass index of less than 23 
Prognostic factors for overall survival
Univariate and multivariate analyses were performed to identify potential prognostic factors for OS using the Cox proportional hazards regression model. Factors with a Pvalue of less than 0.05 were selected after univariate analyses. Four factors, including age (P = 0.043), BCLC stage (P = 0.015), MVI (P = 0.005), and FHR (P = 0.001), were identified in the PA-TACE group, and, five factors, including gender (P = 0.001), BCLC stage (P = 0.045), HBV (P = 0.038), ALBI grade (P < 0.001) and FHR (P < 0.001), were identified in the surgery alone group (Table 2) . According to multivariate analyses, FHR (all P < 0.001) and BCLC stage (PA-TACE vs surgery alone, P = 0.021 and P = 0.036, respectively) were regarded as prognostic factors for OS in both groups. In addition, five prognostic factors, including age (P = 0.023) and MVI (P = 0.002) for PA-TACE, and gender (P = 0.027), HBV (P = 0.034), and ALBI grade (P = 0.027) for surgery alone (Table 3) were identified.
Predictors of PA-TACE benefit
Compared to surgery alone, PA-TACE showed a statistically significant benefit across subgroups [all HRs (PA-TACE-to-surgery alone) < 1] ( Table 4 ). In addition, according to treatment response to PA-TACE and surgery alone, PA-TACE had a better outcome compared to surgery alone, with longer OS in each variable. Notably, significantly prolonged OS following PA-TACE (P < 0.05) was observed in patients with high FHR (Figure 3 ) and the absence of MVI (Figure 4 ).
DISCUSSION
The improved outcome and prolonged OS of PA-TACE have been demonstrated in previous studies. However, it is still unclear whether the combination of PA-TACE and surgery can improve the prognosis of patients with resectable HCC. In this retrospective, multi-center study, we analyzed the potential prognostic factors and predictive factors of PA-TACE benefit in patients with resectable HCC. We utilized propensity-score 1:1 matching before exploratory analysis, which was beneficial in reducing bias due to the confounding variables and accurately distinguished the prognostic factors from the predictive factors. In this study, FHR was not only considered an independent prognostic factor (P < 0.001) in both groups, but it was also one of the most significant predictive factors of PA-TACE benefit (P = 0.038) in patients with resectable HCC. Most importantly, we reduced selective bias by (1) choosing patients with HCC who were identified and selected from three different centers; (2) using a standardized data form which was created to collect all the relevant information regarding these patients; and (3) using propensity score matching, which was carried out to avoid migration from the retrospective case studies.
There are various clinical elements that affect the prognosis of patients who have undergone PA-TACE. In this study, various factors were considered in the prediction of prognosis including ferritin, FHR, BCLC stage, MVI, HBC, and HCV, etc. The upregulation of ferritin is usually observed in patients with HCC [15, 16] and is accompanied by a poor OS [17] [18] [19] . Previous studies have shown that serum ferritin reflects the iron load of the body and originates from hepatocytes and macrophages [20] . Rapid development would require a large amount of iron for the proliferation and progression of cancer cells, leading to the association of high iron levels in malignant cancers [21] . The higher the serum ferritin level is, the more impact it has on the OS. High serum ferritin level results in multiple system malfunctions which worsen the patient's condition and overall health [22, 23] . Moreover, cancer can lead to low hemoglobin levels due to multifactorial issues, such as immune, nutritional and metabolic components [21, 24] . Therefore, serum ferritin is regarded as one of the biomarkers of HCC.
FHR is a unique factor that indicates multiple pathophysiological processes related to the relationship between the tumor and the host [25] . It is calculated by dividing serum ferritin, which is increased due to tumor progression, and hemoglobin, which reflects the current overall condition of the patient. The increase in FHR is associated with advanced tumor progression, leading to a higher likelihood of PA-TACE in patients with advanced HCC. Our study indicated that high FHR was associated with tumor progression and poor OS. According to these results, patients with higher FHR had poorer OS compared to those with lower FHR in both groups (P < 0.001). Significantly prolonged OS following PA-TACE was observed in patients with high FHR (P = 0.038). Normal liver cells primarily depend on the blood supply provided by the hepatic portal vein, while HCC cells primarily receive most of their blood supply from the hepatic artery [26] . Therefore, PA-TACE treatment may be able to decrease the number of residual tumor cells and improve overall long-term survival.
In addition, a high FHR level is a predictive factor that is used to assist clinicians in managing and selecting patients who could receive maximal benefit from PA-TACE after hepatectomy. Therefore, FHR is an important marker for the prediction of prognosis after treatment in HCC patients. The BCLC staging system is commonly used to manage patients with HCC. The treatment plan for patients with HCC is usually derived from BCLC guidelines [27] . It is indicated that patients with preserved liver function and a tumor diameter of less than 5 cm will benefit most from PA-TACE. In our study, the BCLC stage was considered another prognostic factor in both groups. Patients with BCLC stage 0 had a longer OS than those with BCLC stage A. However, patients had similar benefits from PA-TACE regardless of their BCLC stage (P = 0.236). All HRs showed significance in BCLC stage 0 and A (HR = 0.256, 95%CI: 0.072-0.909 and HR = 0.570, 95%CI: 0.391-0.830, respectively). Recent studies have shown that deterioration in liver function is known to be a risk factor for hepatectomy. The prognosis of patients is determined by how advanced the liver disease is [28] . Hence, the BCLC stage can be regarded as a prognostic factor but not a predictive factor.
Previous studies have suggested that HCC with a large tumor diameter and vascular invasion are better for predicting prognosis. MVI has been indicated as a strong predictor of tumor recurrence and OS in patients receiving surgery alone [29] . Residual tumor cells that are supplied by the malignant MVI are usually left behind after surgical resection, resulting in the prognosis of patients without MVI being better than those with MVI. Due to the correlation between MVI and poor OS, MVI is considered one of the most powerful prognostic factors [10] . According to our results, patients with MVI who received surgery alone showed poor OS. However, patients without MVI had a prolonged OS following PA-TACE (P = 0.048). PA-TACE should be able to eliminate some of the MVI and residual tumor cells, improving the OS of patients who have undergone PA-TACE. Therefore, MVI may be a predictive factor of PA-TACE treatment benefit and a prognostic factor for patients receiving surgery alone.
Various studies have been conducted on the elements that impact the long-term prognosis of patients that have undergone PA-TACE. Overall, most prognostic factors used in our study were consistent with those in previous studies. Both studies by Kim et al [30] and Cai et al [31] reported the same results, which showed that ALBI was one of the most important prognostic factors for predicting OS in patients who had undergone PA-TACE after hepatectomy. Studies have shown that HBV reactivation is an obstacle for hepatic cell regeneration, which results in reduced OS in patients with HBV infection. However, PA-TACE can also eliminate HBV within tumor cells and lower the viral load, thus slightly increasing OS in HCC patients with HBV infection.
There are some limitations in this study. The major limitation is the retrospective nature of the data acquired. Although a propensity score matching analysis was performed, potential bias could not be completely eliminated. Moreover, several clinical variables in the data could not be measured, for example, PA-TACE drugs and dosages may have varied across the three different centers. Hence, a prospective study is required to confirm PA-TACE treatment efficacy and its impact on OS. In addition, even though this study was based on multiple medical centers, most patients with HCC also had HBV infection and less than 10% of patients with HCV infection were included. Therefore, future studies should pay more attention to HCV, and multicenter randomized controlled trials are required to verify these results. This study has provided many paths for future research. Tumors evolve spontaneously, and a reliable way of predicting OS and response to PA-TACE is essential for physicians to create a treatment plan that will improve the patient's prognosis. By using the potential prognostic factors identified in this study, artificial intelligence could be used to assess the clinical outcome of patients with HCC.
In conclusion, PA-TACE resulted in a better outcome with longer OS in each variable compared to surgery alone. Prolonged OS following PA-TACE (P < 0.05) was observed in patients with high FHR and the absence of MVI. This study demonstrated that FHR and BCLC stages were the most important prognostic factors for OS. Moreover, high FHR [> median (23) ] and absence of MVI were predictive factors of PA-TACE benefit, and can be used to assist clinicians in selecting which patients would achieve a better OS with PA-TACE. 
ARTICLE HIGHLIGHTS
Research background
Research motivation
Although analyses of potential predictive factors for PA-TACE benefit have been carried out using data from an observational study on HCC patients with microscopic vascular invasion (MVI), the number of patients and the lack of variables prevented accurate differentiation between prognostic and predictive factors. Therefore, we aimed to compare OS following PA-TACE and surgery alone, and to assess prognostic factors for OS and predictive factors of PA-TACE benefit in patients with HCC after R0 hepatectomy.
Research objectives
The main objective of this study was to identify the prognostic and predictive factors that can assist clinicians in selecting HCC patients who would achieve a better OS with PA-TACE. We conducted a retrospective, multi-center study to assess the prognostic factors for HCC and the predictive factors of PA-TACE. The potential prognostic factors identified in this study could lead to the utilization of artificial intelligence to assess the clinical outcome of HCC patients.
Research methods
A total of 653 patients were selected from three centers as original data, and 378 patients (PA-TACE vs surgery alone, 189:189) were identified for exploratory analysis after a propensity-score 1:1 matching analysis. Univariate and multivariate analyses were performed to identify the potential prognostic factors for OS. In order to assess the predictive factors of PA-TACE benefit, the interaction variables between treatments for each subgroup were evaluated using the Cox proportional hazards regression model.
Research results
Compared to the group receiving surgery alone, PA-TACE prolonged the OS rate in patients with resected HCC (P < 0.001). The Barcelona Clinic Liver Cancer system and ferritin-tohemoglobin ratio (FHR) were used as the prognostic factors for OS in both groups. PA-TACE showed longer OS than surgery alone across subgroups [all hazard ratios (PA-TACE-to-surgery alone) < 1]. Notably, the significantly prolonged OS following PA-TACE was observed in patients with high FHR (P = 0.038) and without MVI (P = 0.048).
Research conclusions
Previous studies have demonstrated improved outcomes following PA-TACE, but it is still unclear whether the combination of PA-TACE and surgery improves the prognosis of patients with resectable HCC. This study demonstrated that FHR and Barcelona Clinic Liver Cancer stages were the most important prognostic factors for OS. Moreover, high FHR [> median (23) ] and absence of MVI were predictive factors of PA-TACE benefit, and can be used to assist clinicians in selecting which patients would achieve a better OS with PA-TACE. This study has provided many paths for future research. Tumors evolve spontaneously, and a reliable way of predicting OS and response to PA-TACE is essential for physicians to create a treatment plan that will improve the patient's prognosis. By using the potential prognostic factors identified in this study, artificial intelligence could be used to assess the clinical outcome of patients with HCC. However, due to the limitations in our study, a prospective study is needed in the future to confirm PA-TACE treatment efficacy and its impact on OS.
Research perspectives
Due to the limitations in this study, several lessons can be learned. Although a propensity score matching analysis was performed, potential bias could not be completely eliminated. Moreover, several clinical variables in the data could not be measured. Hence, a prospective study is needed to confirm PA-TACE treatment efficacy and its impact on OS. This study has provided many paths for future research. Tumors evolve spontaneously, and a reliable way of predicting OS and response to PA-TACE is essential for physicians to create a treatment plan that will improve the patient's prognosis. By using the potential prognostic factors identified in this study, artificial intelligence could be used to assess the clinical outcome of patients with HCC.
